ascites subline (P388/L) carried independently in the same institute since 1959, by using same CDF1 recipients, was obtained from Dr. L. W. Law.
The chromosomes of this subline were observed in August, 1962 . The P388 in vitro cultured line established by Dawe and Potter (1957) was propagated under continuous in vitro culture since 1959 in Law's laboratory. This cultured line will be designated by P388/P. Isolation of singlecell clones was performed by a technique similar to that used by Puck et al. (1956) .
Clone Nos. 1, 3, 6 and 7 were derived from P388/P line in 1962. All in vitro cell lines were maintained in pyrex Blake bottles in Eagle's basal medium supplemented with L-serine (0.2 mM), sodium pyruvate (1 mM) and whole calf serum (5%). The details of in vitro technique have been given by Roosa et al. (1962) . The derivation of the several lines and clones is shown in Fig. 1 .
Cytological technique for chromosome observation in ascites tumor was as follows :
The mice were injected with colchicine solution (0.5m1 of 0.02%). One hour later, one drop of the ascites was placed on a glass slide. One or two drops of hypotonic hyaluronidase solution (30 usp/ml Alidase, a commercial brand of chemicals used in the present study) were added to the material and ten minutes later it was stained with acetic dahlia (1% dahlia solution with 35% glacial acetic acid). Permanent slides were made by the Feulgen staining technique with a slight modification of Ford's method (1956) .
We used 1% sodium citrate as pretreatment solution. After 45% acetic acid was added to the stained material the fluid was removed and Carnoy 3:1 solution was added and changed twice. One drop of material suspended in Carnoy solution was placed on a glass slide and then dried and mounted. The technique for chromosome observation in cultured material was as follows : 0.1 ml colchicine solution (1:10,000) per 5 ml of culture medium was added, and the culture was incubated for one hour at 38°C. The cells were scraped from the glass with a rubber policeman, and transferred to a centrifuge tube and sedimented at 165G for 5 minutes. The culture medium was poured off, one drop of sedimented cells was placed on a clean slide and a drop of hypotonic hyaluronidase solution (the same concentration as above) was added to the material.
The subsequent steps of the technique were the same as those for the ascites material.
RESULTS

Normal somatic cells
Normal somatic chromosomes were observed from mouse embryo tissues of the C3H strain.
The normal diploid chromosome number of mice is 40.
They are all telocentric ( Fig. 1 ). Serial alignment of chromosomes by order of their length is shown in figure 9 . The lengths of the longest and shortest chromosomes were measured from 16 metaphase cells stained by acetic dahlia squash technique. As seen in table 2, the longest chromosome measured 4.4 + 1.16,x, and the shortest one 1.4 ± 0.37p. The ratio of the longest to the shortest chromosome (L/S ratio) was 3.1.
P388 ascites line
This tumor had a modal chromosome number of 41, distributed from 3~ to 44 (Table 1 ). All chromosomes were telocentric (Fig. 3) . In these tumor cells, one extra chromosome was found (Fig. 11) 10-13. Serial alignment of chromosomes in normal somatic and P388 tumor cells. 10, normal somatic cell (cell of . figure 2). 40 telocentric chromosomes.
11, P388 line cell (cell of figure 3 ). 41 telocentric chromosomes.
12, P388/L line cell (cell of figure 4). 44 telocentric chromosomes.
13, P388/P culture line cell (cell of figure 5 ). This cell has 34 telocentric, 4 submedian and 11 median metacentric chromosomes. (Table 3 ). All chromosomes were telocentric (Fig. 4 ). Among them one or two chromosomes were extremely small.
Metacentric chromosomes were neverfound in this cell population (Fig. 12 ). The length of the shortest chromosome was considerably less than of the corresponding one of normal somatic cells and of the P388 line, while that of the longest chromosome was similar to that of the P388 line.
As the result of such difference, the L/S ratio was 4.2 (Table 2 ). figure 8 ). 32 telocentric, 4 submedian and 11 median metacentric chromosomes. 17, cell of R-26 ascites line (from figure 9). 38 telocentric, 3 submedian and 5 median metacentric chromosomes. Mean number of metacentric chromosomes was 14.1 ± 1.4. The ratio of metacentric chromosomes to total chromosome number (M/T ratio) in this line was 30.6%. The chromosomes could be classified into three types (Fig. 13) ; telocentric (T), median metacentric (M) and submedian metacentric (SM). The modal number of telocentric chromosomes was 34.
P388/P
Average length of the longest and the shortest chromosomes and their ratio is similar to those of the parental ascites P388 line (Table 5) . It was sometimes difficult to distinguish submedian metacentric chromosomes from median ones. However, from the difference of arm ratio at least four chromosomes, three larger and one smaller, may be placed in the group of submedian metacentrics. Their arm ratio varies from 1.7 to 1.82 (Table 6 ). Modal number of median metacentric chromosomes in this line was 11.
Their arm ratio was about 1.1 (Table 7) .
Four clones isolated from the P388/P line
Chromosome number and karyotypes of four clones isolated from P388/P line are shown in Table 4 . Clone No. 1 has a karyotype similar to that of the parental line (Figs. 6 and 14) . The ratio of metacentric chromosomes to total chromosomes was almost the same.
Although as to chromosome number and karyotype, clone No. 1 is similar to the parentat line, chromosome length of the longest telocentric chromosome (Table 5 ) and arm ratio of the largest submedian metacentric chromosome (Table 6 ) in clone No. 1 are different.
Consequently, the L/S ratio in this clone was higher than The M/T ratio in this clone, therefore, was lower than in other lines (Table 4) . Length of telocentric and metacentric chromosomes and arm ratio were not much different from those of the other lines, but the chromosomes were generally shorter than in the other lines. This may indeed depend on the condition of fixation of the material.
The range of chromosome numbers in these four clones was generally narrower than in the parental P388/P line. Standard deviation from mean chromosome number was 3.6 in the parental line, but amounted in the four clones only to 0.9-1.4 (Table 4) .
In vitro-derived ascitic subline R-26
Cells of the continuosly in vitro cultured line were transferred intraperitoneally to DBA mice in 1959. A typical ascitic lymphocytic neoplasm was developed by the transfer and this was then passed continuosly in vivo. The chromosomes of the ascites neoplasm were observed in 1962 at the 41st transfer generation.
Decrease of chromosome number, especially that of metacentrics was found (Table 4 and Figs. 9 and 17).
The mode of total chromosome number in this line was 45 showing bimodal distribution with peaks at 40 and 45. Modal number of metacentric chromosomes was 8 or 9, with the same frequency for both, and a secondary mode was observed at 15. M/T ratio in this line was lower than in the parental subline and the other clones. The length of telocentric chromosomes in this line was slightly different, so that the L/S ratio was P388/L subline, however, showed predominantly 44 chromosomes in its celll population.
These two lines were serially transplanted under almost the same conditions using the same CDF1 host animals. Differences in chromosome number in sublines of ascites tumors were sometimes observed in mice and rats (Levan 1956 , Makino and Sasaki 1958 , Yosida 1959 , Yosida et al. 1960 , Matano 1960 , Ohno et al. 1960 , Tsukada et al. 1961 , Hsu 1961 , and Cailleu and Munro 1964 . In the course of serial transplantations a gradual change of stemline cell population from parental karyotype to a new one has been observed in Yoshida rat sarcoma (Yosida 1959) .
In that case, after about 20 transplant generations the karyotype of almost all tumor cells has undergone a change. The P388/P in vitro cultured line had undergone a drastic change from the parental ascites having about 34 telocentrics and about 15 metacentrics. In general, tissue culture cell lines of malignant or normal origin tend to change to hypertriploid or hypotetraploid chromosome patterns (Levan and Biesele 1958 , Ford and Yerganian 1958 , Hsu et al. 1958 , Hsu and Klatt 1959 , Rothfels and Parker 1959 , Fly and Gray 1961 , Dipaolo 1962 , De Bruyn and Hansen-Melander 1962 , and Ferguson and Tomkins 1964 . A typical illustration can be seen in the Novikoff rat hepatoma of Hsu and Klatt (1959 number in a reticulum cell sarcoma, P329, growing in vivo and in vitro, however, is somewhat different from that of P388. Dawe et al (1958) demonstrated that cultured cells 24 months after isolation were still near-diploid, but nevertheless, metacentric chromosomes were found in the culture population. Levan and Biesele (1958) In P388 cultured cells, however, in the majority of metacentric chromosomes the arms were of different length. This suggested that the origin of metacentric chromosomes in these cells was due to one of the first three mechanisms mentioned above, which could give rise to chromosomes with various degrees of asymmetry.
Karyological studies of clones isolated from cultured cells have been carried out by several investigators. According to Chu and Giles (1958) the parental population of strain HeLa had a relatively wide spectrum of chromosomes numbers with the mode in the high 70's. Individual clone lines, however, had one predominating chromosome number. A similar conclusion has been reached by Ruddle (1960) , who studied a cell line derived from pig kidney, and by Biedler (1958) The karyological feature of retransplanted ascites tumor line, R-26, was slightly different from the P388/P in vitro cultured line. Decrease in chromosome number , especially that of median metacentric chromosomes, was found here. Cells having fewer median metacentric chromosomes might be adaptable to in vivo condition.
Chromosome length and arm ratio were also slightly different from those of the parental cultured line. Chromosomes of culture-derived ascites tumor were observed by Dawe et al, (1958) in P329 reticulum-cell sarcoma of the mouse. They found a higher frequency of polyploid cells in its ascites tumor, although the parental cultured line had predominantly a near-diploid karyotype. In this case a few polyploid cells included in in vitro cultured line might have been selected under in vivo conditions.
The relation between chromosomal alteration and change in tumor producing capacity is interesting to tumor cytologists. Karyotype changes following in vitro cultivation sometimes were accompanied by loss or decrease of tumor virulence (Okumura et al. 1958 , Hsu 1960 , De Bruyn and Hansen-Melander 1962 . P388/P culture-adapted line, which had undergone a gross change of karyotype from the parental ascites line, however, could grow in the peritoneal cavity of the mouse as ascites form with a virulence similar to that of the original ascites tumor. Dawe's observation in P329 reticulum-cell sarcoma was also similar to mine. It is interesting that in the first mouse transplant generation of the culture-adapted P388/P cells, the ascites developed about three months after inoculation (4.1 x 106 cells/mouse).
In the next transplant generation, the ascites developed about 2 months later.
In the third transplant generation it appeared about one month later. After the 4th transplant generation after about two weeks a similar growing capacity was manifested as that of the parental ascites line. It seems highly probable that a selection of tumor cells might occur in the latent period of early transplant generations. As a result of such selection, culture-derived ascites line (R-26) showed a considerably different karyotype from that of the parental cultured line (P388/ P).
A similar phenomenon has been observed in P329 reticulum-cell sarcoma (Dawe et al. 1958) , in which polyploid cells were selected in culture-derived ascites lines.
It may be concluded from the present study, that chromosome alteration may occur frequently in natural populations of tumor cells growing in vivo and in vitro. Thus, tumors are usually in heterogeneous condition. The most vigorous cell type, however, may control the mode of a cell population under certain conditions. It is the karyotype of the so-called stemline as described by Makino (1952 Makino ( , 1957 
